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Impact of Smoking on the
Outcome of Anterior
Cervical Arthrodesis with
Interbody or Strut-Grafting
BY ALAN S. HILIBRAND, MD, MARK A. FYE, MD, SANFORD E. EMERY, MD,
MARK A. PALUMBO, MD, AND HENRY H. BOHLMAN, MD
Investigation performed at the University Hospitals Spine Institute and the Department of Orthopaedic Surgery,
Case Western Reserve University School of Medicine, Cleveland, Ohio

Background: An increased rate of pseudarthrosis has been documented following posterolateral lumbar spine
grafting in patients who smoke. This same relationship has been assumed for anterior cervical interbody grafting,
but to our knowledge it has never been proven. This study compared the long-term radiographic and clinical
results of smokers and nonsmokers who had undergone arthrodesis with autogenous bone graft following multilevel anterior cervical decompression for the treatment of cervical radiculopathy or myelopathy, or both.
Methods: One hundred and ninety patients were followed clinically and radiographically for at least two years
(range, two to fifteen years). Fifty-nine of the patients had corpectomy with strut-grafting, and 131 patients had
multiple discectomies and interbody grafting. Fifty-five of the 190 patients had a history of active cigarette-smoking;
fifteen of the fifty-five had corpectomy with strut-grafting, and forty had multilevel discectomies and interbody
grafting. Internal fixation was not used in any patient. The reconstruction techniques and postoperative bracing
regimen were similar between smokers and nonsmokers. Osseous union was judged on dynamic lateral radiographs made at least two years following surgery, and clinical outcomes were judged on the basis of pain level,
medication usage, and daily activity level.
Results: Of the forty smokers who had undergone multilevel interbody grafting, twenty had a solid fusion at all levels, whereas sixty-nine of the ninety-one nonsmokers had solid fusion at all levels (p < 0.02; chi-square test). This
difference was especially pronounced among patients who had had a two-level interbody grafting procedure (p <
0.002; chi-square test). With the numbers available, there was no difference in the rate of fusion between smokers (fourteen of fifteen) and nonsmokers (forty-one of forty-four) who had undergone corpectomy and strut-grafting,
as 93% of both groups had a solid union. In addition, clinical outcomes were significantly worse among smokers
when compared with nonsmokers (p < 0.03; rank-sum analysis).
Conclusions: Smoking had a significant negative impact on healing and clinical recovery after multilevel anterior
cervical decompression and fusion with autogenous interbody graft for radiculopathy or myelopathy. Since smoking had no apparent effect upon the healing of autogenous iliac-crest or fibular strut grafts, subtotal corpectomy
and autogenous strut-grafting should be considered when a multilevel anterior cervical decompression and fusion
is performed in patients who are unable or unwilling to stop smoking prior to surgical treatment.

T

he adverse effects of smoking on the cardiovascular,
respiratory, endocrine, and immune systems have been
well documented, and the medical costs to society have
recently been assessed1,2. Smoking has also been found to have
major effects on the musculoskeletal system and is considered
a risk factor for the development of osteoporosis and senile
fractures3.
A video supplement to this article is available from the Video Journal of Orthopaedics. A video clip is available at the JBJS web site,
www.jbjs.org. The Video Journal of Orthopaedics can be contacted
at (805) 962-3410, web site: www.vjortho.com.

Several investigations have shown that the results of
lumbar spine surgery are also adversely affected by cigarette-smoking, with lower rates of fusion, poorer clinical
outcomes, and higher rates of postoperative infection in
smokers4-11. Initially, it was postulated that the lower rate of
consolidation of posterolateral lumbar spinal grafts among
smokers was due to a lower oxygen-carrying capacity of the
bloodstream4. However, it was recently demonstrated in a
rabbit model that nicotine itself has a direct negative impact
on bone-graft healing12,13.
Although several clinical studies have demonstrated the
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Materials and Methods
rom 1973 through 1992, the senior one of us (H.H.B.) performed 252 multilevel anterior cervical decompression and
fusion procedures with autogenous bone-grafting. Of the 252
patients, 190 were evaluated clinically and radiographically at
least two years following operative treatment and they comprised the study group. The procedures were performed on
patients with cervical radiculopathy or myelopathy due to degenerative spondylosis or a herniated nucleus pulposus. Preoperatively, all patients had clinical and radiographic evidence
of multilevel cervical spondylosis with compression of nerve
roots or the spinal cord, or both. The duration of clinical and
radiographic follow-up averaged sixty-eight months, with a
range of twenty-four to 183 months.

F

Operative Procedures
One hundred and ninety patients with mild spondylosis or
disc herniations causing nerve-root or cord compression at

Fig. 1-A

Figs. 1-A and 1-B A forty-seven-year-old man with cervical spondylotic
radiculopathy affecting the sixth and seventh cervical nerve roots and a
history of cigarette-smoking. Fig. 1-A Preoperative lateral radiograph of
the cervical spine, demonstrating spondylosis at the fifth and sixth and
the sixth and seventh cervical levels.

negative impact of smoking on the consolidation of posterolateral lumbar grafts, the effects of smoking on the healing of
anterior cervical interbody grafts are less well defined. Bishop
et al.14 found that smoking hindered healing of allogenic but
not autogenous bone grafts. Bohlman et al.15 and An et al.16
suggested that there was a trend toward more nonunions
among smokers treated with arthrodesis with autogenous
interbody grafts than among nonsmokers so treated, but neither showed a significant difference. Also, none of these studies examined the effect of a history of smoking on clinical
outcomes.
The present study was designed to assess the impact of
smoking on the success of multilevel arthrodesis following extensive anterior cervical decompressive procedures. We also
compared the clinical outcomes of smokers and nonsmokers
treated with this procedure. Finally, we sought to identify operative strategies that might be applied to the smoking population in order to improve treatment outcomes.

Fig. 1-B

Lateral radiograph made thirty-nine months after interbody arthrodesis between the fifth and sixth and the sixth and seventh cervical vertebrae, demonstrating healing and consolidation between the fifth
and sixth vertebrae and nonunion with graft resorption (arrow)
between the sixth and seventh cervical vertebrae.
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TABLE I Success of Arthrodesis Among Nonsmokers and Smokers According to Type of Procedure

No. of Patients
with Solid Fusion

Total No.
of Patients

Percentage
of Patients
with Solid Fusion

Total

144

190

76%

Nonsmokers

110

135

81%

34

55

62%
p < 0.02*

69
20

91
40

76%
50%

All patients

Smokers
Multilevel discectomy and interbody grafting
Nonsmokers
Smokers

p < 0.02*
Two-level procedures
Nonsmokers
Smokers

53
15

66
32

80%
47%
p < 0.002*

Three-level procedures
Nonsmokers
Smokers

16
5

25
8

64%
63%

41
14

44
15

93%
93%

Subtotal corpectomy and strut-grafting
Nonsmokers
Smokers

*The p values represent the difference between the nonsmokers and the smokers.

the level of the intervertebral disc had an anterior cervical
discectomy and arthrodesis performed as described by Robinson and Smith17. Ninety-eight of the patients had a two-level
discectomy and thirty-three had a three-level discectomy
with interbody iliac-crest grafting. A review of data in the office chart and in the hospital anesthesia records revealed that
thirty-two of the ninety-eight patients who underwent a twolevel procedure and eight of the thirty-three patients who
underwent a three-level procedure had a history of active
tobacco use (cigarette-smoking). Fifty-nine patients with
neural element compression posterior to the vertebral body
itself had single or multilevel subtotal corpectomy and strutgrafting performed as described by Emery et al.18. Of the fiftynine patients, sixteen had a corpectomy with iliac-crest or
fibular strut-grafting at one level; twenty-one, at two levels;
twenty, at three levels; and two, at four levels. Four of the
one-level, five of the two-level, and six of the three-level procedures were done in patients with a history of smoking. Autogenous iliac-crest graft was used in one and two-level
corpectomies, and autogenous fibular graft was used in two,
three, and four-level corpectomies.
No internal fixation was used in this study. Postoperatively, 174 patients were treated with a two-poster cervical
orthosis or a rigid collar, nine patients were treated with a
halo, and four patients were treated with a soft collar. The
form of postoperative immobilization was not recorded for
three of the patients. The smokers and nonsmokers were
treated with similar methods of postoperative immobilization.

Follow-up Evaluation
Following the operation, patients were seen at regular intervals by one of us. The severity and location of any symptoms,
use of analgesic medications, functional status, work status,
and results of a complete neurological examination were documented. Flexion and extension lateral radiographs of the cervical spine were made at each visit to determine the status of
the fusion. A solid fusion was defined as ≤1 mm of change, between flexion and extension radiographs, in the interspinous
distance across a grafted segment and by continuous osseous
trabeculation without any intervertebral lucency at the site of
the arthrodesis. Clinical outcomes at the most recent followup visit were assessed with use of a modification of the functional analysis of Robinson et al.19. In this system, the primary
determinant of outcome is the patient’s subjective rating of
the pain level. Secondary and tertiary determinants of outcome are requirements for pain medication and work status
or activity level, respectively.
Data Analysis
The records for all patients were independently reviewed, and
the pertinent data were recorded in a Microsoft Access database (Redmond, Washington). The success of the arthrodesis
was compared between smokers and nonsmokers with use of
chi-square analysis. Clinical outcomes, scored independently
with the functional criteria described by Robinson et al.19,
were compared between groups with rank-sum analysis. Significance for each test was established at p < 0.05.
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Results
successful fusion was achieved at all grafted sites in 144 of
the 190 patients included in this study; thus the overall
rate of fusion was 76%. The rate of solid osseous union was
significantly higher among nonsmokers (110 of 135 patients,
or 81%) than among smokers (thirty-four of fifty-five patients, or 62%) (p < 0.02). This difference was also significant
among patients who had undergone a multilevel discectomy
and interbody fusion: all fusion levels healed in sixty-nine
(76%) of ninety-one nonsmokers compared with only twenty
(50%) of forty smokers (p < 0.02) (Figs. 1-A and 1-B). In
comparison, with the numbers available there was no significant difference in the union rates between nonsmokers and
smokers who had undergone corpectomy and strut-grafting:
solid fusion was achieved at two years in forty-one (93%) of
forty-four nonsmokers and in fourteen (93%) of fifteen
smokers (Table I).
Clinical success was closely associated with the success
of the arthrodesis. The nonsmokers had fifty-eight excellent
results, sixty-two good results, thirteen fair results, and two
poor results. The smokers had fifteen excellent results, twentyseven good results, twelve fair results, and one poor result. On
the basis of rank-sum analysis, the clinical outcomes among
the nonsmokers were significantly better than those among
the smokers (p < 0.03). In the group in which multilevel interbody grafting had been performed, the outcomes among the
nonsmokers were also significantly better than those among
the smokers (p < 0.02). However, in the group treated with
subtotal corpectomy and strut-grafting, there was no significant difference between the clinical outcomes of the nonsmokers and smokers (p = 0.67) (Table II).
We also compared the clinical outcomes in the patients
in whom a pseudarthrosis developed with the outcomes in the
patients who had a solid fusion (Table III). Of the forty-eight
patients with a nonunion, five had an excellent clinical outcome; twenty-six, a good outcome; fourteen, a fair outcome;
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and three, a poor outcome. In comparison, the 142 patients
with a solid union had sixty-eight excellent, sixty-three good,
eleven fair, and no poor clinical outcomes. According to the
rank-sum analysis, the outcomes were significantly better for
patients who had a solid fusion (p < 0.0001).
Discussion
chieving anterior cervical interbody fusion at multiple
levels is more challenging than is achieving such fusion at
a single 1evel15,20-23. We hypothesized that, if smoking had a
negative effect on the healing of anterior cervical interbody
grafts, it would be most pronounced when the grafts were
used at multiple levels. By excluding patients who had undergone one-level interbody grafting from the present analysis,
we did demonstrate a negative impact of smoking on the healing of multilevel anterior cervical interbody grafts. This finding conflicts with the reports of An et al.16 and Bohlman et
al.15. However, in those studies approximately half of the patients underwent a single-level interbody grafting procedure,
which may have masked the effects of smoking, since singlelevel grafts have been shown to have a very high rate of
healing24-26. To our knowledge, only Bishop et al.14 demonstrated that cigarette-smoking affects the healing of interbody
grafts in the cervical spine. In their study of 132 patients, they
found a significantly lower rate of fusion (p = 0.004) among
smokers who had received allograft but not among those who
had received autograft. This is not surprising since it is more
difficult to achieve fusion with allograft bone than with autograft bone.
Although others14-16 have attempted to demonstrate the
impact of smoking on the healing of cervical interbody grafts,
the effect of smoking on the healing of cervical strut grafts has
never been reported, to our knowledge. In contrast to our
findings with interbody grafts, we found that smoking had no
impact on the healing of autogenous iliac and fibular strut
grafts placed following subtotal cervical corpectomy at one or

A

TABLE II Functional Status of Nonsmokers and Smokers

All procedures
Nonsmokers
Smokers

Excellent

Good

Fair

Poor

58

62

13

2

15

27

12

1
p < 0.03*

Multilevel discectomy and interbody grafting
Nonsmokers
Smokers

40
10

41
19

9
10

1
1
p < 0.02*

Subtotal corpectomy and strut-grafting
Nonsmokers
Smokers

18

21

4

1

5

8

2

0
p = 0.67

*The p values represent the difference between the nonsmokers and the smokers.
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TABLE III Functional Status Based on Outcome of
Arthrodesis

Solid fusion
Pseudarthrosis

Excellent

Good

Fair

Poor

68

63

11

0

5

26

14

3
p < 0.0001

more levels. In smokers and nonsmokers, the rate of fusion
was >90% (fifty-five of fifty-nine patients), which is close to
the healing rates reported for single-level interbody grafts24,26.
It should be noted that the healing of a strut graft is similar to
the healing of a single-level interbody graft in that both require healing across only two osseous surfaces. However, in
subtotal corpectomy with strut-grafting there may also be
bone contact laterally, which facilitates fusion.
The present study also demonstrated significantly poorer
clinical outcomes among smokers when compared with nonsmokers. With clinical success defined as a good or excellent result, 120 of the 135 nonsmokers in this study had a successful
result compared with only forty-two of the fifty-five patients
who had a history of cigarette-smoking (p < 0.03, rank-sum
analysis). It has been shown that the prevalence of symptomatic cervical disc disease is substantially higher among smokers
than it is among nonsmokers27 and that cigarette-smoking has
a systemic effect leading to intervertebral disc degeneration in
the lumbar spine28. Furthermore, several studies have demonstrated a higher prevalence of wound infections among smokers who underwent posterior lumbar spine procedures5,9-11.
However, the better outcomes among nonsmokers in our study
may have been a function of their higher rate of fusion, since
we found a very strong association between the development of
a pseudarthrosis and a poorer clinical outcome among all of
the patients in the study (p < 0.0001).
This study confirms the prevailing theory that cigarette-
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smoking creates a biologically challenging environment in
which anterior cervical interbody arthrodesis is less likely to
be successful. We believe that the negative impact of smoking on graft-healing is additive with other factors, such as
multilevel interbody grafting, the use of allograft bone, and
interbody grafting adjacent to a solid fusion14-16,24,26,29,30. Since
the poorer clinical outcomes among smokers were associated
with their lower rate of fusion, we believe that strategies to
improve the rate of fusion among smokers will also improve
the clinical outcome. We strongly advise our patients to stop
smoking prior to undergoing multilevel anterior cervical decompression. For patients who fail to do so, we recommend
reconstruction with autogenous strut grafts rather than with
interbody grafts. Although application of an anterior cervical plate may improve the rate of fusion with multiple interbody grafts25, the long-term impact of an anterior plate
(compared with a strut graft) on clinical outcome remains
unknown. 
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